The epidermis, by invagination of the undifferentiated ectodermal cells, gives rise to several distinct structures including hair, sebaceous, eccrine sweat and mammary glands. We have recently isolated a novel gene, pmg-1, expressed in the pubertal mouse mammary gland. While investigating its genomic structure, we identi®ed a related gene in close proximity, which we have termed pmg-2. pmg-1 and pmg-2 are intron-less, are transcribed in opposite directions and are separated by a potential promoter region of 2.8 kb containing putative binding motifs for the developmental transcription factors Lef-1, Sox5 and D-STAT. pmg-1 and pmg-2 encode small proteins rich in G, S, F, Y and Q and contain characteristic repeats reminiscent of the keratin-associated proteins (KAPs). Both genes are expressed in growing hair follicles in skin as well as in sebaceous and eccrine sweat glands. Interestingly, expression is also detected in the mammary epithelium where it is limited to the onset of the pubertal growth phase and is independent of ovarian hormones. Their broad, developmentally controlled expression pattern, together with their unique amino acid composition, demonstrate that pmg-1 and pmg-2 constitute a novel KAP gene family participating in the differentiation of all epithelial cells forming the epidermal appendages. q
Results
We have recently isolated a novel gene, pmg-1, from pubertal mouse mammary epithelial cells (Kuhn and Andres, 1997) . In order to investigate the genomic structure of pmg-1, we have isolated and sequenced a genomic DNA fragment of 10.395 kb (Accession number AF162800). Sequence comparison with the dbEST data base revealed the presence of a related, novel gene located 2'878 bp upstream of pmg-1, which we have named pmg-2. Both genes are intron-less and are transcribed in opposite directions (Fig. 1A) . pmg-2 encodes a predicted protein of 150 aa rich in S, F, G, Y and Q. Comparison of the aa sequence revealed an overall homology of 39% between pmg-1 and pmg-2 (Fig. 1B) . Higher homology was observed when the 66 N-terminal (53%) and the 35 C-terminal (54%) aa were compared, whereas the mid-parts of the two proteins are quite divergent (21%) (Fig. 1B) . The small size, the preponderance of the aa G, S, F, Y and Q, the presence of extended aa repeats and short three aa motifs as well as genomic clustering of intronless genes are all characteristics of keratin associated proteins (KAPs) (Rogers and Powell, 1993) . The KAPs are a large group of relatively small proteins constituting an important component of hair. To date, they are classi®ed into 11 distinct families according to the preponderance of speci®c aa or the occurrence of characteristic aa motifs (Powell and Rogers, 1997) . The frequent occurrence of Q concomitant with a low C content and the aa repeats FSG and FSS are characteristics of pmg-1 and pmg-2 and set them apart from all other KAP families. Thus, pmg-1 and Pmg-2 represent a novel, 12th family of KAPs.
The opposite transcriptional orientation indicates that the promoter of both genes is located within the 2878 bp intervening sequence. In addition to a TATAA and CAAT box, potential binding motifs for the developmental transcription factors Lef-1 (Zhou et al., 1995) , Sox5 (Denny et al., 1992) , and D-STAT (Yan et al., 1996) are located in the putative promoters.
Northern blot analyses revealed that pmg-1 and pmg-2 are highly expressed in skin. Expression was induced shortly after birth and reached a ®rst maximum at 9 days. A second peak of expression was observed at the juvenile stage of 3.5 weeks. Thereafter, expression declined, but remained at lower levels throughout adult life (Fig. 1C) . In the mammary gland, as in the case of pmg-1 (Kuhn and Andres, 1997), pmg-2 expression was observed exclusively during the onset of puberty at 4 and 4.5 week of age. The expression level of both genes in the mammary gland was much lower than that seen in skin (Fig. 1D) . The onset of ovarian function at puberty initiates adult mammary gland morpho-genesis. Ovarian hormones had no effect on the induction of pmg-1 and pmg-2 expression, as observed in Northern blot analyses of ovariectomized and sham operated animals (Fig.  1E) . Apart from skin and the pubertal mammary gland, expression could not be detected in any other organ.
In order to investigate expression at the protein level we have generated antisera speci®cally recognizing PMG-1 or PMG-2 in vitro and in skin extracts (Fig 1F, G) . Since pmg-1 and pmg-2 appear to have identical expression pattens in both skin and mammary gland (Fig. 1C) , we have concentrated on localizing the expression of PMG-1 protein only. Due to the preponderance of hair follicles in mouse skin, we have investigated human tissue samples in parallel. The PMG-1 speci®c antiserum recognized a single protein in human skin extracts, identical in size to that detected in mouse extracts, indicating that the PMG-1 protein is conserved between mouse and man both immunogenically and in size (Fig. 1H) . Expression in skin was most prominent in the hair follicles. Staining was observed in the cortex, in the undifferentiated cells of the hair bulb and in the inner root shaft of the growing hair follicle at the anagen phase (Fig 2A) . In contrast, almost no staining was observed in follicles at the resting phase in telogen (Fig. 2B) . In the human sebaceous glands, pmg-1 expression was limited to the differentiating epithelial cells, no reaction being seen in the undifferentiated basal cell layer or in the functionally differentiated cells. Furthermore, pmg-1 expression was found in the epithelium of the intradermal ducts of eccrine sweat glands (Fig. 2D) . In the pubertal mammary gland, the PMG-1 protein was localized to the epithelial cells of ducts and terminal end buds (Fig. 2F) . No PMG-1 protein could be detected in the mammary glands of either pre-pubertal females or late pubertal animals ( Fig. 2E and data not shown).
Methods
The genomic DNA fragment of 10' 395 bp was isolated from a mouse liver genomic library (Stratagene, La Jolla, CA). Sequencing was performed commercially (MWGBiotech, Ebersberg, Germany). Sequence comparisons were performed using the BLAST program (Altschul et al., 1997) or the MatInspector V2.2 program and the transfac database (Quandt et al., 1995) .
Fragments of the pmg-1 cDNA (nt 46-334) and the pmg-2 gene (nt 2435-2215) were cloned into either the pGEX-2T or pPROEX HT b bacterial expression vectors, respectively. Rabbits were immunized by repeated intradermal injections of the isolated fusion proteins with Freund's adjuvant. Af®-nity puri®cation was done as described (Kueng et al., 1997) .
RNA preparation and Northern blot analysis was performed as described (Kuhn and Andres, 1997) . Protein extracts were prepared by boiling macerated frozen tissue for 10 min in SDS-sample buffer, resolved by SDS-PAGE and analyzed by Western blotting. Immunohistochemistry was performed as described (Nikolova et al., 1998) .
